OncoTargets and Iherapy 



Dovepress 



open access to scientific and medical research 



Q Open 



Access Full Text Article 



ORIGINAL RESEARCH 



Preliminary analysis of the risk factors 
for radiation pneumonitis in patients with non- 
small-cell lung cancer treated with concurrent 
eriotinib and thoracic radiotherapy 



Hongqlng Zhuang* 
Hailing Hou* 
Zhiyong Yuan 
Jun Wang 
Qingsong Pang 
Lujun Zhao 
Ping Wang 

Department of Radiotherapy, 
Tianjin Medical University Cancer 
Institute and Hospital, National 
Clinical Research Center for Cancer, 
Tianjin Key Laboratory of Cancer 
Prevention and Therapy, and Tianjin 
Lung Cancer Center,Tianjin, 
People's Republic of China 

*These authors contributed equally 
to this work 



Correspondence: Hongqing Zhuang; 
Ping Wang 

Department of Radiotherapy, 
Tianjin Medical University Cancer 
Institute and Hospital, Tianjin, 300060, 
People's Republic of China 
Tel +86 22 2334 1405 
Fax +86 22 2334 1405 
Email hongqingzhuang@l63.com; 
ping_wang999@ 1 63.com 



This article was published in the follov/ing Dove Press journal: 
OncoTargets and Therapy 
24 May 2014 

Number of times this article has been viewed 



Purpose: The aim of this study was to investigate radiation pneumonitis and its associated 
risk factors in patients with non-small-cell lung cancer treated with concurrent eriotinib and 
thoracic radiotherapy. 

Materials and methods: We conducted an analysis of patients with nonoperable stage IIIA-IV 
non-small-cell lung cancer who were treated with concurrent thoracic radiotherapy and eriotinib 
(ClinicalTrials.gov identifier: NCT00973310). The Common Terminology Criteria for Adverse 
Events version 3.0 grading system was applied to evaluate the incidence of radiation pneumonitis. 
The lung dosimetric parameters were recorded in accordance with the treatment plan, and the 
study endpoint was radiation pneumonitis at grade 2 or more. 

Results: Among the 24 selected clinical cases, nine were identified with radiation pneumonitis 
of grade 2 or above (37.5%). This included four cases with grade 2 (16.7%), two cases with 
grade 3 (8.3%), and three cases with grade 5 (12.5%). The results showed that the planning 
target volume was a significant factor affecting the incidence of radiation pneumonitis. All lung 
dosimetric parameters exhibited statistically significant differences between patients with pneu- 
monitis and patients without pneumonitis. The receiver operating characteristic (ROC) curve 
analysis showed that all lung dosimetric parameters were useful in predicting the incidence of 
radiation pneumonitis. In addition, the threshold values of V5, VIO, V15, V20, V30, and mean 
lung dose were >44%, >29%, >27%, >22%, >17% and > 1,027 cGy, respectively 
Conclusion: Special attention should be paid to the adverse effects of radiation pneumonitis 
in concurrent thoracic radiotherapy and eriotinib treatment. Lung dosimetric parameters are 
important predictive factors in radiation pneumonitis. 

Keywords: eriotinib, thoracic radiotherapy, radiation pneumonitis, dosimetric parameter, 
threshold value for lung radiation 

Introduction 

Eriotinib has achieved promising therapeutic efficacy in the treatment of non-small-cell 
lung cancer. Thoracic radiotherapy is also an important therapeutic approach in 
this setting.'' However, thoracic radiotherapy and eriotinib can induce interstitial lung 
damage.^ * Limited studies detailing concurrent thoracic radiotherapy and eriotinib 
have been conducted. In addition, studies on concurrent eriotinib and thoracic radio- 
therapy as a cause of radiation pneumonitis and the threshold value for lung radiation 
are rarely reported. 

In this study, we have summarized the clinical data from patients with stage III-IV 
non-small-cell lung cancer treated with concurrent thoracic radiotherapy and eriotinib. 
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We analyzed the incidence of radiation pneumonitis, and we 
preliminarily investigated the predictive factors to provide 
values for concurrent thoracic radiotherapy and erlotinib in 
clinical practice. 

Clinical data 

This prospective study was conducted under the review, 
approval, and supervision of the Tianjin Medical University 
Cancer Institute and Hospital, People's Republic of China. 
All enrolled patients met the ethical requirements. We 
collected the medical records of patients with stage III-IV 
non-small-cell lung cancer who received concurrent thoracic 
radiotherapy and erlotinib from September 2009 to June 
2012 (ClinicalTrials.gov identifier: NCT00973310). The 
inclusion criteria were as follows: 1) patients with stage 
III-IV non-small-cell lung cancer; and 2) patients receiving 
concurrent thoracic radiotherapy and erlotinib. The exclu- 
sion criteria were as follows: 1) patients with non-small-cell 
lung cancer after receiving surgical intervention; 2) patients 
receiving re-irradiation therapy; and 3) patients with a history 
of interstitial lung disease. Thoracic radiotherapy was pre- 
scribed at a dose that depended on the treatment intention 
with 1.8-2.1 Gy/fraction for 5 days per week. Additionally, 
150 mg of erlotinib was administered once daily from the 
first day of radiotherapy to the end of radiotherapy and then 
continued as maintenance therapy. If the patient presented 
with pneumonia (> grade 3), then the drug and radiotherapy 
were discontinued. The detailed clinical data for the patients 
are shown in Table 1 . 

Ethics statement 

The study was approved by the Tianjin Medical University 
Cancer Institute and Hospital ethics committee. All of the 
consents were given by the patients for their information to 
be stored in the hospital database and subsequently used for 
research. All of the participants provided their written consent 
to participate in this study. Further, at the time of patient 
follow-up, in order to document the process, the presence of 
a qualified physician, a staff member of the hospital ethics 
committee, and a staff member of the medical records depart- 
ment was required at the same time. 

Therapeutic approach 

All patients underwent a computed topography (CT) scan 
to determine the appropriate positioning, and a precise or 
pinnacle-planning system was applied to complete intensity- 
modulated radiotherapy. The gross tumor volume (GTV) 
is defined as the gross tumor volume. The clinical target 



Table I Patient characteristics and treatment modalities 



Factors Value 

Sex, n (%) of cases 

l^ale 9 (38%) 

Female 15(62%) 

Age (years) 

Median 64 

Range 33-85 
Location, n (%) 

Upper lobe 14(58%) 

Middle and lower lobe 1 0 (42%) 

Clinical stage, n (%) 

IMA I I (46%) 

IIIB 7 (29%) 

IV 6 (25%) 

ECOG PS, n (%) 

0 6 (25%) 

1 18(75%) 
Smoking history, n (%) 

Yes 8 (33%) 

No 16(67%) 
FVO(L) 

Median 2.46 

Range 1 .4-4.2 
FVCI"(L) 

Median 1.90 

Range 0.9-3.2 
DLco'(L) 

Median 2.05 

Range 1 .2-4.7 
Pathology, n (%) 

Squamous 5 (2 1 %) 

Adenocarcinoma 17(71%) 

Adenosquamous carcinoma I (4%) 

Sarcomatoid carcinoma I (4%) 

Intention of the radiotherapy, n (%) 

Radical 14(58%) 

Palliative 10(42%) 

Radiotherapy dose (Gy) 

Median 57 

Range 46-66 

Dose per fraction (Gy) 

Median 2 

Range 1 .8-2. 1 

GTV size (mL) 

Median 35.50 

Range 8.6-454.4 
PTV size (mL) 

Median 279.70 

Range 32.9-794. 1 

Neoadjuvant chemotherapy, n (%) 

Yes' 1 3 (54%) 

No I I (46%) 

Adjuvant chemotherapy, n (%) 

Yes' 12(50%) 

No 12(50%) 

Taking time of erlotinib concurrent with RT (days) 

Median 41.5 

Range 30-45 



(Continued) 
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Table 1 {Continued) 


Factors 


Value 


Total taking time of eriotinib (months) 




Median 


3.2 


Range 


1.2-27 


Time onset of radiation pneumonitis (weeks)' 




Median 


9.5 


Range 


4-15.5 



Notes: ^An AS-507 lung function tester (Autospiro-507; Minato Medical Science, 
Osaka, Japan) was used in the research; ''the most frequently used regimen for 
chemotherapy was cisplatin-based doublet; ^the time was from the beginning 
of radiotherapy to the onset of pneumonitis in the patients who had radiation 
pneumonitis. 

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance 
status; FVC, forced vital capacity; FVCI, forced vital capacity in I second; DLco, 
diffusing capacity of the lung; GTV, gross tumor volume; PTV, planning target 
volume, RT, radiation therapy. 

volume is defined as a subclinical lesion. The internal tar- 
get volume is defined as internal target volume production 
from four-dimensional (4D) CT images. The planning target 
volume (PTV) was expanded 0.5 cm from the internal tar- 
get volume. The lung organ at risk is defined as the whole 
lung volume with the exception of the GTV The fractionated 
dose was 1 .8-2. 1 Gy/fraction (median dose: 2 Gy). The dose 
for thoracic radiotherapy was 46-66 Gy, depending on the 
treatment regimen for each patient (eg, some patients present- 
ing with stage Illb-IV non-small-cell lung cancer received 
palliative therapy). All the intention and treatment strategies 
of the patients were determined before treatment. 

Treatment strategies for stage IIIA-IIIB patients were 
done in accordance with the treatment plan evaluation. The 
treatments of stage IV patients were all palliative care. Only 
the enrolled patients of the trial were treated with eriotinib 
concurrently with radiotherapy, and it was not conducted as 
a routine treatment for other patients. The treatment plan was 
evaluated using dose-volume histograms. The dosimetric 
parameters, including V5, VIO, V15, V20, V30, and mean 
lung dose (MLD) were recorded. Eriotinib was administered 
orally at 150 mg/day from the first day of treatment up to at 
least the end of the course of radiotherapy. Afterwards, the 
patients stopped or continued to take medications, dependent 
upon their condition. No adjuvant chemotherapy was given 
within a month for patients who stopped taking eriotinib after 
radiotherapy. The chemotherapy plan for each patient was 
developed according to a follow-up evaluation. 

Evaluation of radiation pneumonitis 

Once the symptoms of radiation pneumonitis were pre- 
sented during radiotherapy, the patients received an imme- 
diate follow-up evaluation. The follow-up assessment of 



pulmonary function was conducted during the third week of the 
radiotherapy course and at 1 and 3 months after the completion 
of radiotherapy. The interval of the follow-up was determined 
by the presence of radiation pneumonitis and the subsequent 
disease condition. However, follow-up evaluations were per- 
formed every 3 months (or more often if recommended by the 
treating physician) for the first year after the radiotherapy course 
had concluded, and at the discretion of the treating physician 
thereafter A chest X-ray or CT scan was performed to evalu- 
ate the patients' pulmonary condition. Common Terminology 
Criteria for Adverse Events version 3.0 was used as a reference 
to evaluate radiation pneumonitis in the patients.' Treatment for 
radiation pneumonitis was aimed at decreasing inflammation. 
Steroids, such as prednisone, were given until the inflammation 
regressed, and then slowly decreased over time. 

Statistical analysis 

Radiation pneumonitis of grade 2 or more was the primary 
endpoint in this study. The SPSS version 17.0 software pro- 
gram (SPSS Inc., Chicago, IL, USA) was used for statistical 
analysis. Logistic regression analysis was applied to inves- 
tigate the relationship between clinical factors and radiation 
pneumonitis. The Student's t-test was used to analyze the 
differences in lung dosimetric parameters between patients 
with radiation pneumonitis and patients without radiation 
pneumonitis. MedCalc software (MedCalc Software, Ostend, 
Belgium) was used to draw receiver operating characteristic 
(ROC) curves, and to analyze the predictive effect of lung 
dosimetric parameters. The threshold value for lung radiation 
in concurrent thoracic radiotherapy and eriotinib treatment 
was also calculated. An alpha value of P<0.05 was consid- 
ered statistically significant. 

Results 

The incidence of radiation pneumonitis 

Twenty-four patients were included in this study, with a 
median follow-up of 31.5 months (range, 7-4^ months). 
Among the participants, there were nine patients (37.5%) 
with grade 2 or above radiation pneumonitis, including four 
cases (16.7%) with grade 2 radiation pneumonitis, two cases 
(8.3%) with grade 3 radiation pneumonitis, and three cases 
(12.5%) with grade 5 radiation pneumonitis. 

Clinical factors 

Single-factor logistic regression analysis was performed on 
the following factors; age, sex, pulmonary function, total lung 
capacity, GTV, PTV, radiation dose, duration of concurrent 
thoracic radiotherapy and eriotinib, total duration of eriotinib 
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administration, chemotherapy before concurrent therapy, 
and chemotherapy after concurrent therapy. Muhivariable 
analysis was not performed due to the sample size. The results 
showed that only PTV had a statistically significant effect on 
the incidence of radiation pneumonitis, while the remaining 
factors showed no significant effect (Table 2). 

Lung dosimetric parameters 

The lung dosimetric factors V5, VI 0, VI 5, V20, V30, and 
MLD were calculated in patients with or without radiation 
pneumonitis at grade 2 or above. The results are presented 
as mean + standard deviation. In addition, the Student's 
t-test was performed on the parameters of both groups. The 
results showed statistically significant differences in all of 
the dosimetric parameters between the two groups, indicat- 
ing that the lung dosimetric parameters were important 
predictive factors for the incidence of radiation pneumonitis 
in patients receiving concurrent thoracic radiotherapy and 
erlotinib (Table 3). 

ROC curve analysis 

The ROC curve was generated according to the effects of the 
lung dosimetric parameters V5, VIO, V15, V20, V30, and 
MLD on radiation pneumonitis. The area under the curve 
(AUC) was also calculated. The results showed that all dosi- 
metric parameters were statistically significant, and there was 
no significant difference between the parameters. In addition. 



Table 2 Univariate analysis of factors related to radiation 
pneumonitis (> grade 2) 



Factors 


RR value 


95% CI 


P-value 


Female versus male 


0.327 


0.050- 


-2.120 


0.241 


Age 


0.438 


0.079- 


-2.437 


0.345 


Smoking history 


2.200 


0.385- 


-12.573 


0.375 


Location 


1.200 


0.225- 


-6.388 


0.831 


Pre-RT FVC 


1.429 


0.271- 


-7.518 


0.674 


Pre-RT FEVI 


0.914 


0.174-4.81 1 


0.916 


Pre-RT DLco 


0.750 


0. 1 33-4.224 


0.744 


Whole lung volume 


2.500 


0.458- 


-13.629 


0.290 


RT dose 


0.429 


0.271- 


-7.518 


0.377 


GTV size 


5.000 


0.806- 


-3 1 .002 


0.084 


PTV size 


1.007 


I.OOI- 


-1.013 


0.025 


Taking time of erlotinib 


0.533 


0.100- 


-2.839 


0.461 


concurrent with radiotherapy 










Total taking time of erlotinib 


0.333 


0.059- 


-1.877 


0.213 


With versus without 


1.904 


0.208- 


-5.756 


0.916 


neoadjuvant chemotherapy 










With versus without adjuvant 


2.909 


0.271- 


-3 1 .904 


0.378 


chemotherapy 










Abbreviations; RR, relative risk; 


CI, confidence 


intervai: 


RT, radiation therapy; 



FVC, forced vital capacity; FEVI, forced expiratory volume in I second; DLco, 
diffusing capacity of the lung; GTV, gross tumor volume; PTV, planning target volume. 



Table 3 Lung dosimetric parameters 
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V5 (%) 


45.4±9.6 


34.5±8.2 


0.012 


VIO (%) 


35.9±7.4 


27.3±6.8 


0.012 


VI5 (%) 


28.1 ±5.8 


2I.2±5.2 


0.010 


V20 (%) 


24.7±4.4 


I6.9±4.l 


0.00! 


V30 (%) 


I9.0±4.0 


I3.0±3.l 


0.002 



Notes: Parameters in patients with radiation pneumonitis and in patients v/ithout 
radiation pneumonitis (mean ± standard deviation). 
Abbreviation: MLD, mean lung dose. 



the threshold value and each corresponding dosimetric 
parameter were analyzed to determine the predictive effects 
of each parameter on radiation pneumonitis. The results 
showed that the threshold values of V5 , V 1 0, V 1 5 , V20, V30, 
and MLD were >44%, >29%, >27%, >22%, >17%, and 
1 ,027 cGy, respectively (Table 4, and the ROC curves of each 
parameter. Figure 1). 

Discussion 

The preliminary results of this study indicated that special 
attention should be paid to the potential development of radia- 
tion pneumonitis during concurrent treatment with thoracic 
radiotherapy and erlotinib. In addition, our results showed 
that lung dosimetric parameters were important predictive 
factors for radiation pneumonitis. 

The combined effects of radiation and erlotinib on the 
pulmonary interstitium might contribute markedly to radia- 
tion pneumonitis that was induced by concurrent thoracic 
radiotherapy and erlotinib. Radiation pneumonitis was caused 
by radiation damage to type II pneumocytes and the alveolar 
septum. The radiation also caused swelling of the capillary 
endothelium, interstitial congestion, and alveolar edema, 
thereby resulting in the infiltration of inflammatory cells, 
desquamation of the alveolar epithelial lining, and protein 
substance exudation due to interstitial inflammation of the 
lung.^"'° Moreover, many studies have reported that erlo- 
tinib has adverse effects on the pulmonary interstitium.""" 
Although the mechanisms have not yet been fully identi- 
fied, and are awaiting further studies, both erlotinib and 
radiation can damage the pulmonary interstitium. Concurrent 
therapy can lead to a synergistic reaction between radiation 
and erlotinib, which further increases the risk of radiation 
pneumonitis. 

A high level of radiation exposure during radiotherapy 
is the primary cause of radiation pneumonitis. Therefore, 
the most important preventive approach is to reduce the 
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Table 4 Lung dosimetric parameters to predict radiation pneumonitis with an ROC curve 
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0.6889 




88.9 


80.0 


VS (%) 


0.8I5±0.II3 


0.605-0.942 


2.782 


0.0054 


0.7! 1 1 


>44 


77.8 


93.3 


VIO (%) 


0.8I9±0.I04 


0.609-0.944 


3.055 


0.0022 


0.6222 


>29 


88.9 


73.3 


VIS (%) 


0.822±0.0985 


0.613-0.947 


3.270 


0.001 1 


0.6000 


>27 


66.7 


93.3 


V20 (%) 


0.889±0.077l 


0.694-0.979 


5.044 


<0.000l 


0.71 1 1 


>22 


77.8 


93.3 


V30 (%) 


0.881 ±0.0692 


0.684-0.976 


5.514 


<0.000l 


0.6000 


>I7 


66.7 


93.3 



Abbreviations: ROC, receiver operating characteristic; AUG, area under the curve; CI, confidence interval; MLD, mean lung dose. 



radiation dose to the lung tissues. During concurrent 
chemoradiotherapy, radiation pneumonitis is effectively 
prevented by strengthening the limits of the dosimetric 
parameters for pulmonary radiotherapy.'''""' Similarly, by alle- 
viating pulmonary damage due to thoracic radiotherapy, and 
thereby reducing the synergistic reaction between thoracic 
radiotherapy and eriotinib on lung tissue during concurrent 
therapy, it is theoretically possible to reduce the risk of radia- 
tion pneumonitis. Therefore, it is important to investigate 
the differences in the dosimetric parameters of the lung 
in concurrent eriotinib and thoracic radiotherapy between 
patients who present with radiation pneumonitis and patients 
who present without radiation pneumonitis. It is also neces- 
sary to study the predictive effects of dosimetric parameters 
for radiation pneumonitis, and the threshold values of lung 
dosimetric parameters required for radiotherapy. 



The results of the study confirmed the above mechanism, 
and provided preliminary values for lung dosimetric parame- 
ters of concurrent eriotinib and thoracic radiotherapy in clini- 
cal practice. With regard to clinical factors, PTV significantly 
affects radiation pneumonitis. The radiation field is usually 
larger in patients with a higher PTV value. Therefore, radia- 
tion penetrates comparatively more pulmonary tissue. We 
believe that the actual effect of PTV is due to the amount of 
radiation to which the lung is exposed. Furthermore, all dosi- 
metric parameters showed statistically significant differences 
between patients with radiation pneumonitis and patients 
without radiation pneumonitis. The ROC curve analysis 
showed that all lung dosimetric parameters were predictive 
of radiation pneumonitis. Many studies have suggested that 
adjuvant chemotherapy aggravates radiation pneumonitis." '^ 
However, no statistically significant difference was found in 



V5 VIO V15 




100-specificity 100-specificity 100-specificity 

Figure 1 The receiver operating characteristic (ROC) curves of lung dosimetric parameters. 
Abbreviation: MLD, mean lung dose. 
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this study. The explanation for our results might be due in part 
to the fact that erlotinib was administered orally to patients 
during radiotherapy, and the patients did not usually receive 
chemotherapy within 1 month after concurrent therapy. The 
patients who did receive chemotherapy were usually given 
the therapy after a relatively long period of time following 
radiotherapy, which was longer than the formative period of 
radiation pneumonitis. 

It should be noted that this work was also a pilot study. At 
the beginning of the study, the specific population that ben- 
efited most from erlotinib therapy had not yet been identified. 
Moreover, the best indication for concurrent thoracic radio- 
therapy and erlotinib had not been fiiUy identified. Concurrent 
thoracic radiotherapy and erlotinib remains at the exploratory 
stage of clinical applications. Therefore, we included clinical 
cases of patients with different pathological diagnoses and 
clinical stages, as well as different treatment plans (different 
radiation doses). Nevertheless, since this study used radiation 
pneumonitis as the endpoint, the information from this case 
group remains valuable. In addition, prior available studies 
describe mostly individual case reports."'^' 

The existing studies reported radiation pneumonitis as 
a phenomenon in the patient population and did not further 
investigate its etiology. By contrast, our study was novel in 
that we studied and analyzed the incidence of radiation pneu- 
monitis in patients who had received concurrent erlotinib and 
thoracic radiotherapy, the predictive factors of pneumonitis, 
the lung dosimetric parameters, and the clinical threshold 
value for radiation. Therefore, this study provides new 
insights for the field. Further, some previous studies showed 
that fewer cases of radiation pneumonitis occurred in patients 
treated with a combination of erlotinib and thoracic radio- 
therapy.^^ Additionally, some previous studies showed that 
a high incidence of radiation pneumonitis occurred during 
this treatment,^"-^' but all samples from the different studies 
were small and the results clearly need to be confirmed by 
further research. 

In summary, we conducted an important investigation 
of concurrent erlotinib and thoracic radiotherapy as a cause 
of radiation pneumonitis and its impact on lung dosimetric 
parameters. This work provides preliminary data of the 
threshold values of lung radiation for concurrent erlotinib and 
thoracic radiotherapy in clinical practice. Although the case 
numbers in this study were relatively small, and additional 
clinical cases are needed, we believe that concurrent thoracic 
radiotherapy and erlotinib will have broader prospects for 
clinical application as additional clinical data are summarized 
and reported moving forward. 
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